Two simple and sensitive indirect spectrophotometric methods for the assay of propranolol hydrochloride (PPH) and piroxicam (PX) in pure and pharmaceutical formulations have been proposed. The methods are based on the oxidation of PPH by a known excess of standard N-bromosuccinimide (NBS) and PX by ceric ammonium sulfate (CAS) in an acidic medium followed by the reaction of excess oxidant with promethazine hydrochloride (PMH) and methdilazine hydrochloride (MDH) to yield red-colored products. The absorbance values decreased linearly with increasing concentration of the drugs. The systems obeyed Beer's law over the concentration ranges of 0.5 -12.5 and 0.3 -16.0 µg/ml for PPH, and 0.4 -7.5 and 0.2 -10 µg/ml for PX with PMH and MDH, respectively. Molar absorptivity values, as calculated from Beer's law data, were found to be 1.36 × 10 4 and 2.55 × 10 4 l mol -1 cm -1 for PPH, and 2.08 × 10 4 and 2.05 × 10 4 l mol -1 cm -1 for PX with PMH and MDH, respectively. The common excipients and additives did not interfere with their determinations. The proposed methods have been successfully applied to the determinations of PPH and PX in various dosage forms. The results obtained by the proposed methods compare favorably with those of official methods.
Propranolol hydrochloride (PPH), the prototype of a pure betaadrenergic blocking compound without intrinsic activity, represents an outstanding advance in the treatment of certain cardiovascular disorders and hypertension. It is one of the very good drugs of choice for sustained action dosage form, because its therapeutic index is very high. 1 Piroxicam (PX) belongs to a class of acidic, non-steroidal antiinflammatory drugs. It is quite efficient in treating of rheumatoid arthritis and other inflammatory disorders. 2 Both PPH and PX are official in BP 3 and USP. 4 Expanding indications and a more widespread use of PPH and PX require simple, sensitive and easily available analytical methods for their assay in pure and pharmaceutical formulations. The analytical techniques used to determine PPH and PX, such as H 1 -NMR spectrometry, 5, 6 X-ray powder diffraction, 7 spectrofluorometry, 8, 9 high-performance liquid chromatography 10, 11 and voltammetry, 12 are costly. Spectrophotometric techniques continue to be the most preferred method for routine analytical work because of its simplicity and reasonable sensitivity with significant economical advantages.
Hence, many spectrophotometric methods have been described for the determination of PPH [13] [14] [15] [16] [17] [18] [19] [20] and PX. [21] [22] [23] [24] [25] [26] [27] However, all of these methods suffer from limitations (Table 1) .
For instance, these involve extraction, [13] [14] [15] [16] [21] [22] [23] heating, [17] [18] [19] 24 long standing 20, [24] [25] [26] [27] for color development or have low sensitivity. 14, 20, 24 In the present paper we report on two simple and sensitive spectrophotometric methods for the determination of PPH and PX in bulk samples and pharmaceutical formulations. The methods are based on the oxidation of PPH by NBS and PX by CAS in a sulfuric acid medium followed by the reaction of unconsumed NBS or CAS with PMH and MDH to yield redcolored radical cations. The proposed procedures are superior to the reported methods with respect to simplicity, speed, accuracy and sensitivity.
Experimental

Apparatus
A Hitachi UV-visible spectrophotometer (Model U-2001) with 1-cm matched quartz cells was used for absorbance measurements.
Reagents and samples
All chemicals used were of either pharmaceutical or analytical reagent grade and quartz processed high-purity distilled water was used throughout. A stock solution of pure PPH was prepared by dissolving the requisite amount in distilled water, and a standard solution of pure PX was prepared by dissolving a suitable amount in 5 ml of acetone followed by its dilution with DMSO. Solutions of 0.02% NBS, 0.1% CAS, 1.5 M H2SO4 and 0.1% of each of PMH and MDH were prepared separately using distilled water. The solutions of drugs and reagents were stored in amber-colored bottles in a refrigerator.
Different dosage forms of PPH and PX were obtained commercially from different firms.
Determination of pure drugs
Suitable amounts of aliquots of standard PPH or PX were transferred into a series of 10 ml calibrated flasks. To these were added NBS or CAS and sulfuric acid, as indicated in Table  2 , and kept for 5 min for PX and 10 min for PPH at room temperature. Then different volumes of PMH or MDH were added, as mentioned in Table 2 . The contents were shaken well and the absorbances were measured at 515 nm for PMH or at 513 nm for MDH.
A blank experiment was also carried out while omitting PPH or PX. The decrease in the absorbance corresponding to PPH or PX was obtained by subtracting the absorbance of the drug solution from the corresponding blank. The amount of PPH or PX was computed from the calibration curves.
Analysis of pharmaceutical formulations
Twenty tablets of the selected drug were finely powdered, or mixed contents of ten capsules were taken. An amount equivalent to 20 mg of the drug was weighed accurately and transferred into a 100 ml beaker. Using a mechanical stirrer the powder was completely disintegrated in distilled water for PPH or acetone for PX. The solution was filtered through a Whatman filter paper No. 42 and the filtrate was made up to 100 ml with distilled water for PPH or DMSO for PX. An aliquot of the solution was analyzed as described earlier.
Results and Discussion
It is known that NBS oxidizes PPH 20 while CAS oxidizes PX. 28, 29 It is also known that the phenothiazines undergo reversible one-electron oxidation by various oxidants in an acidic medium at room temperature to yield colored radical cations. [30] [31] [32] [33] [34] [35] [36] These analytical aspects have been successfully utilized to develop sensitive spectrophotometric methods for the assay of PPH and PX in pure and pharmaceutical formulations. The methods are based on the oxidation of PPH by NBS and PX by CAS in a sulfuric acid medium and subsequent formation of red-colored radical cations due to the oxidation of PMH or MDH by unused NBS or CAS. The colored species were found 672 ANALYTICAL SCIENCES JUNE 2002, VOL. 18 to be stable for more than 30 min and exhibited absorption maxima at 513 nm and at 515 nm for MDH and PMH, respectively (Fig. 1) . Within the experimental time domein the drug solutions and the reagent solutions are stable. The NBS solution was stable for 2 -3 days if kept refrigerated at 0 -3˚C 37 while CAS prepared in dilute sulfuric acid was stable even at boiling temperatures. 38 No effect was observed due to oxygen in the air. The reaction conditions were established by varying one parameter at a time and keeping others constant. The optimum volumes of NBS or CAS, sulfuric acid, and PMH or MDH required to obtain colored products of higher sensitivity are given in Table 2 . At above or below the optimum volumes of the above reagents, the colored products formed were found to be either less sensitive or unstable. It was noticed that the sequence of addition of reagents was critical, and hence the order mentioned in the procedure was followed.
Analytical features
The Beer's law limits, the molar absorptivity and the Sandell's sensitivity values were evaluated. Regression analyses of Beer's law plots revealed a good correlation. Graphs of the absorbance versus concentration showed a zero intercept, and are described by the regression equation Y = a + bX (where Y is the absorbance of a 1 cm layer, b is the slope, a is the intercept and X is the concentration of each of PPH or PX in µg ml -1 ) obtained by a least-squares method. The results are summarized in Table 3 . The low relative standard deviation values and the range of error at the 95% confidence level for the analyses of six replicates of PPH and PX indicated good precision and accuracy of the proposed methods.
Interference studies
In order to assess the possible analytical applications of the proposed methods, the effects of excipients that often accompany PPH and PX in various pharmaceutical formulations were studied by adding different amounts of these excipients to known amounts of PPH or PX. It was observed that the talc, glucose, dextrose, magnesium stearate, lactose, starch and gelatin did not interfere in the determination of PPH and PX at the following levels (mg): 1. PPH (20) , talc (400), glucose (300), dextrose (400), magnesium stearate (350), lactose (300), starch (250) and gelatin (300). 2. PX (20) , talc (400), glucose (300), dextrose (350), magnesium stearate (400), lactose (250), starch (300) and gelatin (250).
A suitable amount of each mixture was analyzed using the 
Statistical analysis of the results in a comparison with the official methods
The results of the analyses of tablets and capsules were compared statistically by the Student t-test and by the variance ratio F-test with those obtained by the official methods. 3, 4 The Student t-values at the 95% confidence level did not exceed the theoretical values, indicating that there was no significant difference between the proposed and official methods. It was also noticed that the variance ratio F-values calculated for p = 0.05 did not exceed the theoretical values, indicating that there was no significant difference between the precision of the proposed methods and the official methods. The results are given in Table 4 .
Conclusion
The proposed methods are simple and sensitive compared to the reported methods. The utility of the proposed methods for the determination of PPH and PX in dosage forms has been well demonstrated. The assay methods did not involve any stringent experimental conditions, and were also free from interference by common excipients. Hence, the proposed methods could be used for routine quality control.
